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In Situ Polymerization of Phytic Acid to Enhance the Electrocatalytic
Stability of Mn—CoP Nanowire Arrays
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Abstract: Electrocatalysts with excellent stability are of great relevance for large-scale water electrol-
ysis for hydrogen production. In this work, C@Mn—CoP electrocatalyst was obtained by in situ polym-
erizing phytic acid and pyrrole on the surface of synthesized Mn-doped CoP (Mn—CoP) nanoarrays,
which was further carbonized to form a uniform thin carbon protective layer. Experiment results have
shown that the C@Mn—CoP electrode demonstrated a preeminent electrochemical stability in both al-
kaline and containing urea alkaline electrolytes. It can stable work for more than 200 h at a current
density of 10 mA/cm’ in 1 mol/L. KOH + 0. 5 mol/L urea for water splitting. After 2 000 cycles of CV
scan in 1 mol/L. KOH at a current density of 100 mA/cm’®, the increment HER over potential is only
as small as 4 mV. And the potential remains almost constant at each current density in multi-current
step test curves. All of them demonstrate that the in situ polymerization of phytic acid has great appli-
cation potential in improving the stability of electrocatalysts.

Key words: Mn doping; in situ phytic acid polymerization; electrocatalytic hydrogen evolution;
nanowire arrays; electrochemical stability
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1.1 # #

BRAR(CF, TGP-H-060, HAZRmHEA LA . $HBk(PYC, BrEsr#20% Pt, LR ARE AR
H)); ZALET(RuO,, 99.95%) . HEME(CH,,0,P,, 70%/KEH) . 2RALRIAE(Nafion, FTESFES5%) . 7~
K &5 il B2 B (Co (NO,),*6H,0) . DU /K& S AL 4% (MnCL,-4H,0) . J6/K Z B (CH,CH,0H) . &% 1k ##
(KOH) . Mti% (C,HNH) . T /K K i B2 @4 (NaH,PO,) . AL % (NH,F) . JR 2 (CO (NH,),) . P4 [
(CH,COCH,) . #(HCD) . 5PHE#(CH,CHOHCH,) M Bl #% ((NH,),S,0,), LA EiFI¥ A mtrat, iy
T iR RIS HnARIE IR AR, R T aifb bR,

1.2 ==

P & S o 7 385 (SEM,  Zeiss SUPRA 55 Sapphire, fEE-R/RZ A, B TERE S
30 kV IR & A X S ZOEIHY (EDS) 5 & 51 i F 2B (TEM, FEI Talos F200S, £ FEIZAH]), T
YERLE 200 kV; X SHRM AR ATHML (XRD, Bruker D8 ADVANCE, [ 4 & 58 AXS 23 1] ) 5 X St
T-HERE{L (XPS, Thermo Fisher Nexsa, €[EFEER K /KRB H]); AL TAER (CHI 760E, LifER
AL B RN T 5 Biologic VSP, JE[E Biologic 23] ) o
1.3 MHBER
1.3.1 Mn-CoP#1CoPBIE R ¥%0.8 mmol MnCl,-4H,0. 5 mmol CO(NH,),, 2 mmol NH,F Fll4 mmol
Co(NO,),*6H,0 MINKEFRH, DI 20 mL 258 FoKEBEFE 15 min, KRG WATFL S HRAC(2. 0 cmx
2.4 em) FEF 3 25 mL R PU LM P AT AR B RV 289, #6120 'C ORI 12 h, B AIEE G
ARG SRR oKk, 7860 “CF TS BIRTIRMR . FRECL. 2 g NaH,PO, T &S IF i T =0
BB, K RTIRAAIE 55— B F P I B T S0 T, 78 Ar S 350 “CARIR 3 h (FHRER 2 ¢/
min, Ar U 150 mL/min), HARBHIZZER, 58] Mn-CoP AR 2057, 43 3eZE Mn BN 2
30, 0.4, 0.8, 1.2 mmol, il & BIHEMAMSELS i 444 CoP. Mn 0.4-CoP, Mn 0. 8-CoP I Mn 1.2-
CoP,

1.3.2 C@Mn-CoP Kyl & Il 4 Mn-CoP MP R E T/REEFE I, DN 98 pLAEME . 105 pL ks
A1 mL SAEE, BN 1 mLEA 98 mg i BRER LM /KWL, SV 10 min J&5 FH 5P IER 25 55 1K 43 ) iEd
FEYES min, FE60 CT T, 4 THE A E TE R, AcS T 350 'CA3 1 h(ArSGE 150
mL/min), HARRHEZM, 55 C@Mn-CoP AL,

1.4 BFENK

R AR E = B AR IR R TE SR T AR A T AL S M RE DN I, ki . IR AN H R AR (SCE) 43
MVE R AR A S AR, & A o B AR AR AR s BB 53 14 1 mol/L KOH F 1 mol/L
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KOH+0. 5 mol/L Urea; FiAa () i 4 5] i S iR (RHE) BEF A HE , AZHEATN : E p=F o +0. 059
pH, FF AR CHI 760K HLAb2: TAER AR TR 22 (LSV) RIPEERMA 22 (CV) I LSV il
RAE2 mV/s 3 T AT, JFRABEINS 0 LSV Bh it S FE R il CV L 100 mV/s $198 38 2800 1
FemARE M HAEFEE T OV INRILAHE S A5 PE AR (ECSA), 7E 1 mol/L KOH Fl 1 mol/
L KOH+0. 5 mol/L Urea HLMRE HP 3338 3 Z )k 10~60 mV/s, FHIMTEE IR 0. 668~0. 568 V(vs. RHE) ;
ffi  Biologic VSP HLAL TAEu,, 7E 100 kHz~10 MHz 3128 Z MDA Sidb A T A S BHATE (EIS) K. 75
ALAL Y PYC AT RuO, My 51 Nafion 23 BUAERRAS L, T BaAb =R

2 SRS

2.1 FIRFNEEHIRA

1A J3 C@Mn-CoP B& S FE R o B SeAEmRET4E FAE K ATERIEAIK R, SR b a)
K2, BRI AR FE AR R R R A, a2 B e, SEM B /R, 5 CoP
FHEL (B 1B), MndB 28600 RBHTE S TG g, SR DG AR 238 2 E KA IR AP 4R 2 1 (B 10) .
TEM HE R #E—F AR R R mDGIE, HEAZ R200 nm, K27 1~2 pm(E1D) . HHRTEM FH 231
WHIE A S AR S5, A& TRIEE A 0. 250 nm (B 1E), ALK CoP AR (111 Y 0. 247 nm BEAHE K, el
K4 Mn #5250 CoP Sk K A NERK TS, i — P LRI S G (B 1F), MEHIESIER A &
W ARk, (HAKLL R E RS R, HHRTEM A (8 16) BRak &R m A0 E T 3~5 nm JE
B2 . EDSEERIER Co. Mn, P3FIICEAEA KL X504 (I 1H) , EDS JTEE T R 3 fhot &
B E S S8 i A 15.50%, 1. 32%F119. 92%( & 11), Mn & & AHEL Co FIPAR, # 4 Mn (83525 .
WeAh, WRH SRR DR S0 E e 5 s P 6 s ek, g LA AL PR . E R A A (& 1)) &
P, BRACHEMEAA A 105°, CoP. Mn—CoP Fl C@Mn-CoP HHEMb M JLF4E0E TR, LW YReF4E R m e
KYORBEIEALRIG , HAR KR BRI EET, AR T AR IEE
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Fig. 1~ Schematic illustration of the synthesis procedure of C@Mn—CoP(A); SEM image of CoP(B); SEM image(C) , TEM im-
age(D) and HRTEM image(E) of Mn—CoP; SEM image(F), HRTEM image(G), EDS mapping images(H) and elemental con-
tent(T) of C@Mn—CoP, hydrophilic angle test of carbon paper of CF, CoP, Mn—CoP, C@Mn-CoP(])




1914 Sy AR AR 5 43

MXRD 3% (E 2A) TLIB R, BEE Mo 4B, FTSEmACA BRI, W Mnig A\ 3]
dn A s AR TR IR A A B S AR S C U e R e, RSO RTATIE 5 CoP (JCPDS No. 29-
0497 )W) 45, FRWHRTIRIR B Ih AL N CoP o APEIR I XPS 2 1S E 2B s, FrAFEMIYA Co. PHIC
W, i CoP FESLTE Mn {5506 . Mn 2p K20 [ 1S3 — WA, CoP FEf A Mnf5 5 10& (&12C) ; Mn-
CoP BESHH ) Mn L IR =M I AEAE, Hb 646. 6 eV A TR, 641.5 eV H1653. 8 eV NG
Mn*, 1] 643.2 eV F1655. 4 eVIEJET Mn™, %54 HRTEM, EDSFIXRD A/MAr4E 3R, #E—H i Mn &
it CoP i, BT CoMINIE . 1M Co 2p MRS B (152D ) BT 434 Co 2p,, Fil Co 2p,, iRy, HHpghG
itk 785. 8 eV HI803. 5 eV HYPIANIE ] TS, 778.9 eV F1794. 0 eV I MEJET Co—PEE, 781.7 eV Fl
798. 1 eVJET Co™, 783.5eVFI801. 1 eV MERT Co™ . XFHh CoP Fll Mn—CoP BN FE Y Co 2p H 4H
BEE T LUE I, Mn—CoP (1) Co 2p,,, " Co—PUEMIZE GREMG M T 0. 3 eV, FHH Mn B ZFEK T Co T
WS, T Co L T45M . ZEP 2p i p ([E12E), 134.2 eV IEJE T P—O %, 129.5 eV Al
130. 3 eV I IES 5 )& T P 2p,, FI P 2p,,, KV 05 4@, XF Lk CoP Al Mn—CoP Y P 2p,, F1 P 2p,,,
PRI 25 RE S AR T 0. 2 eV A0, 3 eV, U] T Mn BY5RIWR L F-RESI . HE781.7 eVHI134.2 eV
S0 53 ))& T Co A PR, X W REREAE AE S T B AU PR ™. FESY C 1s K46 &
2FFT7R, 184.8, 286.4, 288.6 eVrillE T C—C, C—OFfIC=0, RWEZ )G, C@Mn-CoP i Co 2p
H) Co—P HEVERIP 2p 1P 2p,, . P 2p,, INAUERYIRIE WSS, AL TOBRIZG . XPSKR 5 5325
TR, F—EE R R E D ER)Z . 5 CoP Al Mn—-CoP AL, C@Mn-CoP Y P 2p K52 4]
WELE 135. 8 eV AL 1 ASFTIIUE, JRTRERRER ", Ml 2 K IR 3R A W AE i Fe AR il 1 iRk .
EIGET DL, 42)m Mn 38 280 T ibah i B 74685, vTRESRTHPPRHY HER TG 1 .
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a/’\«,,.. Co2p |O1s Ml a\Mn? <, Mn Mn
. Mn-CoP@C] :E g C@Mn-CoP Mn 2 Cls P 2p 5 C@Mn-CoP
s . i = __._.J_.\.L‘_ 3
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Fig. 2 XRD patterns(A), XPS survey(B) and Mn 2p(C), Co2p(D), P2p(E), C 1s(F) spectra of CoP,
Mn-CoP and C@Mn-CoP

2.2 BUZERIE

FIIAE AL S IE PRI E T, 43 BIAE 1 mol/L KOH 1 1 mol/L KOH+0. 5 mol/L Urea Wi, i =
HIAR A R R ) R ) HEAL 2 PEREEA TN 08, B8 T Mn #5242 ARG PR 5200 . 7E 1 mol/L
KOH 1, AR HER PERERE & Mn (914 DISGHE 98 5 055, 24 Mn (9 H 54 0. 8 mmol B, A1FH
HER PEREIR B &2 (K1 3A) ; OERPRREMI AR LZRI(EI3B) o FEHLIL S B 10, 100 mA/em’ I, CoP 1Y
HER i BLA7 4351478, 227 mV; Ti454% Mn 5, HER G HALS S10/NE] 50, 176 mV, K HELR ST H
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HER PEREHSE PYC(B13C) o iXf5H4i T Mn B8 T Co R IV B, (AR S MK, M
25T CoP I HER PERE . ERIZSS, C@Mn—CoP [ HER I HLA7 48 5124 74, 200 mV, BT Mn—CoP
B HER TR . ¥ FE/RABHRE 3D Fi7R, CoP MBS IE/RAFR A 120. 1 mV/idec, Mni544 )G #HR > 5
94. 4 mV/dec, B MniB2s3458 7 ALPP R AT FERE /1, T C@Mn—CoP ¥53ERHE 4 97. 6 mV/dec,
H L 5 RS B8 ST AIR T Mn—CoP, {H Mn—CoP Fl C@Mn—CoP (935 3E /R 2HR A T 40~120 mV/dec Z ),
J& T Volmer—Heyrovsky HLiil . #EALATEHY OER IGPE NI 3E Bk, MniBd%)a, TEHLRSEE 420, 100
mA/cm?*i}, OER i A3 A 327 mV Fll 466 mV [E S 262 mV 1417 mV, 25T HER, 7EERZ07E
5, OERVEREWES A FI%, a9 EFF T 32 mV A4 mV, HIAEE] CoP. Mn-CoP & C@Mn-CoP
B FE R B4y 94 172. 0, 163. 1., 165. 4 mV/dec, MniB2R)GH R IETE/RBHE 57 H Ru0,(157. 7
mV/dec) $3T (& 3F) o AR5 EIS 3 & (& 3G) B8, Mn—CoP AU %S Z Wik 1] 22 [52] 2 A2 38 /N F CoP,
C@Mn~-CoP 7% 22 WrRF I 2 g K T° Mn—CoP, ] Mn BB 22T T MPRH A4 A0 2, MU ik
2SRRI B B e AL A AR OV LG U2 A (CdD B 3H R, CoP,
Mn—CoP Fll C@Mn—CoP ) CAL{E 4> #48. 3. 27.5. 8.9 mF/em®, FEHH Mn B35 2488 1 T 4L AR B4k
SEVEPEEAL, al AR N SR 2 A TE A .
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HERHBHZE(C) . HER Tafel #2RE(D), OERHIZE(E) . OER Tafel RERE(F) . ZHHITE (G) . MG RIBULLAE (H)
Fig. 3 HER(A) and OER(B) polarization curves of different amount of Mn doping in 1 mol/L. KOH; HER polarization curves
(C), HER Tafel plots(D), OER polarization curves(E), OER Tafel plots(F), EIS(G) and ECSA(H) of CoP,
Mn-CoP and C@Mn-CoP samples

ST OER I & 03 A ASA TR B IS TS RE IR A A, 3E—27E 1 mol/L KOH+0. 5 mol/L Urea () HLfi#
WA AL SR RERES T T VRAS, A5 RNE 4R LSV B FRIHBRACAEA PR F 0 B b L%
A HERFIUOR JiEME s Mi7E 10 mA/em®F 100 mA/em® LR B EE T, Mn—-CoP #IH LS00 HER 361, H
HER A 34748 mVAI 172 mV, {URTF PUC(53 428 mVAI 116 mV) . [FHf, C@Mn—CoP i) HER it
B 743 514 57 mV F 189 mV, 5 Mn—CoP i) HER PR REFEIT (& 4A) . ZEMLSHET, CoP. Mn-CoP FlI

C@Mn—CoP [HESTERBEL AN 514 120. 2. 100. 8., 104. 2 mV/dec (& 4B). C@Mn—CoP Fl Mn—CoP [AEEIE/R
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BERANTF 40~120 mV/dec Z18), FHHPHEALE 1 mol/. KOH+0. 5 mol/L Urea Y 1Y) HER ¥ J& T Volmer—
Heyrovsky HLiti] . UOR 1Y LSV B2\ /R (&14C) , FEHLULEE B0 30 mA/em® i}, CoP, Mn-CoP Fl C@Mn-
CoP H) UOR i HL A 43 51 A 1.460, 1.360, 1.445 V; HLL % BEHE 2 100 mA/em’ B, 3 W47 40 51
1.635. 1.555. 1.609 V. FEMCHLAEW , AOEHG B 4L B AR b AE: . UOR ML i% P . UORIESE
IRABHRFI)Z EE (CAD STE 1 mol/L KOH HH AL 4D~F) , B/ RESTRE AR 380 T e 0 &
EE— 18
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4 CoP. Mn-CoPfl C@Mn—CoP ALAILE 1 mol/L, KOH+0. 5 mol/L Urea HLARHH HER B LSV HHZE(A) | Tafel £} [£]
(B), UORMJLSVHAZE(C), Tafel BH2REI(D) ., EIS(e)FIECSA(F)
Fig. 4 HER polarization curves(A), HER Tafel plots(B) , UOR polarization curves(C), UOR Tafel plots(D) , EIS(E) and
ECSA(F) of CoP, Mn—CoP and C@Mn—CoP samples in 1 mol/L. KOH+0. 5 mol/L Urea electrolyte

R SRR 2 LA RIS E YRR, P B AR T T A SRR e I, &l S B
R, PIHLTRZREE 10 mA/em® HAEEE 5, 100 mA/em® &, H9E 1 000 mA/em? 5 BELEER B 2] 10 mA/em?,
A BN ) 14 500 s, C@Mn—CoP i HER (& 5A) 1 UOR (18] 5B) Z WL p skl ith 2, &4~ it
S RE N B AT IE R, TR 1 000 mA/em? K HLI G A BEAR IFHUVR S 2 10 mA/em?, T TERRIZ 4
B Mn-CoP, H[FEZFAF T HER(E SC)FIUOR(E SD)# LT W A B AT EE B0, % R
K, BEMATRE; H UOR VI SEPRHEF T IEIE R 1000 mA/em®s APFEHE 1~ 00 #h 28 (18] SE)
it — KW, C@Mn-CoP 7E 10 mA/em’ W HLE % B FiELE T/E24 h 5, H HER W% R R RN
85.5%, UOR HLUL EE(RFFEN 98. 7%, T JGHR)Z ORI Mn—CoP, JFUG SN J HLIL 26 B — B/, —
B ) 5 A PR S AE 2, HER MU B R FEER A 79. 1%, 1 UOR HLJR % R I 20T 0 mA/em’; 1
100 mA/em® (LR 25 EETF, C@Mn—CoP 223t 24 h HER Fl UOR J2 IV 4 B U 285 B (5 37 28 43 1) Ay 86. 4% Fl
96. 2%, T IoHRIZ PRI Mn—CoP (HER F UOR J W43 12k 74. 1% F1172. 8%) . 2 000 f& CV J5#f 5 HER
B LSV W SF PR, C@Mn—CoP 7E 100 mA/cm’ £ A ANIE N4 mV, 1] Mn—CoP EERI /5 P RE H ILHH
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TEM image of C@Mn CoP electrode after 24—hour UOR It test at a current density of 10 mA/cm” in the bottom right corner of Fig. 5G
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